Haemoglobin Ale concentrations were measured in 102 insulin-treated diabetic outpatients. Only 19% had Hb Ale levels below three standard deviations above the normal mean value (5.23 + 0.05%). There were no correlations between Hb AI~ levels, random C-peptide immunoreactivity or age. A significant correlation (r --0.49; p < 0.001) was, however, observed between HbAlc and random plasma glucose levels. The mean random plasma glucose value was normal (89 + 18mg/ 100 ml; 5 + i mmol/1) in the patients on insulin three times a day who had received short acting insulin 160 _+ 6 min before the sampling. -A significant inverse correlation was found (r = -0.26; p < 0.01) between the number of daily insulin injections and the HbAlc concentration. -These results suggest that the use of multiple daily insulin injections improves diabetic control. It should however be emphasised that the patients receiving multiple insulin injections were younger than those on the single injection regime and had lower plasma insulin antibody titres, different social and psychological status and a shorter duration of the disease.
Summary.
Haemoglobin Ale concentrations were measured in 102 insulin-treated diabetic outpatients. Only 19% had Hb Ale levels below three standard deviations above the normal mean value (5.23 + 0.05%). There were no correlations between Hb AI~ levels, random C-peptide immunoreactivity or age. A significant correlation (r --0.49; p < 0.001) was, however, observed between HbAlc and random plasma glucose levels. The mean random plasma glucose value was normal (89 + 18mg/ 100 ml; 5 + i mmol/1) in the patients on insulin three times a day who had received short acting insulin 160 _+ 6 min before the sampling. -A significant inverse correlation was found (r = -0.26; p < 0.01) between the number of daily insulin injections and the HbAlc concentration. -These results suggest that the use of multiple daily insulin injections improves diabetic control. It should however be emphasised that the patients receiving multiple insulin injections were younger than those on the single injection regime and had lower plasma insulin antibody titres, different social and psychological status and a shorter duration of the disease.
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Until recently definite criteria have been lacking for the quantification of the degree of control of diabetes [1] . Measurement of haemoglobin Ale (HbAlc) concentrations has proved to be useful in the assessment of diabetic control since there is an inverse correlation with the quality of control of diabetes during the 2 months preceding Hb Alc determinations [2] [3] [4] [5] [6] .
Gonen et al. [7] screened 230 diabetic patients to analyse the overall quality of control in a diabetic clinic that aims to achieve tight control. Only 13% of insulin-treated patients had HbA1 concentrations within three standard deviations (SD) of the mean value in a group of non diabetics.
The aim of this study was to assess the quality of control in unselected insulin-dependent out-patients treated by insulin according to various clinical factors, particularly age, socio-economical handicaps and the number of daily insulin injections. Several groups have shown that insulin twice or three times a day facilitates control [8] even in unstable patients [9] . We have shown in short term studies that divided daily doses of insulin lowered post-prandial blood glucose levels [8] , reduced 24 hour urinary sugar excretion [10] and resulted in higher plasma insulin levels [11, 12] than conventional insulin regimes. Such a regime probably inhibited the development of retinal microaneurysms during a 4 year observation period [13, 14] .
Patients and Methods
Insulin-treated diabetic patients who came for their regular outpatient visit with their own physician were in addition seen by one of us during a two week period and blood was drawn for estimation of HbAlc , plasma glucose, C-peptide immunoreactivity and measurements of insulin antibody concentration.
All patients were studied in the post prandial state, that is either in the morning between 0900 h and 1300 h (between the breakfast and the midday meal) or in the afternoon between 1400 h and 1700 h (between the lunch and the afternoon snack).
The mean post-meal sampling time was 163 + 8 min with no significant statistical differences between the different insulin regime groups.
Patients gave informed consent for blood sampling. Those coming for their initial visit were not included in the study. The others were regular out-patients attending all but one of the physicians in the clinic. Two samples were not suitable for the study 0012-186X/80/0018/0447/$01.20 because of the presence of abnormal haemoglobin (S and C). One hundred and two patients were studied. We classified the patients according to their socio-economic status as defined by the French INSEE professional classification [15] . Severe social or psychological handicaps were defined by one or more of the following features: a) very low income i. e. three lowest INSEE income classes (out of 10); b) unemployement for more than 3 months in the last year; c) immigrants with no or poor knowledge of French language; d) one or more visits to a psychiatrist during the last year. All the patients were or have been treated by beef insulin or by a mixture of beef and pork insulin.
HbAlc concentrations were measured according to an original technique to be published elsewhere [16] . In brief, this method consists of medium-pressure chromatography on a column of BIOREX 70, 200-400 mesh, using an automatic peptide analyser as previously described [17] with minor modifications [16] . This method uses three different phosphate buffers, and results in a clear cut separation of the peak of HbAla+b from the peak of HbAlc and that of HbA. Samples are introduced successively by a automatic sampler, optical densities determined at 568 nm, and the areas under the peaks calculated by a in-line computing integrater. Twenty four samples can be analysed in 24 h. Hb F, HbS and HbC are easily detected because their presence modifies the shape of the curves.
Normal values were taken from the results obtained in 49 proven non-diabetic adults aged between 22 to 51 years. (mean = 5.23 • 0.05%). Intra and inter assay coefficients of variation were < 3.2% and < 8% respectively.
Plasma glucose was assayed with the Beckman glucose analyser.
C-peptide immunoreactivity was measured using the Daiichi radioimmunoassay kit [18] Guerbet Test -France -Radioisotope Laboratories, Tokyo. According to the supplier, cross-reaction with human proinsulin is 7% on a molar basis. All the assays were run together. Standard curves include several controls including known samples with low and high values. The lowest sensitivity for C-peptide in our hands was 0.15 ng/ml.
Insulin antibodies were detected according to Rosselin et al. [19] by incubating sera at final dilutions of 1 : 10, 1 : 20 and 1 : 50 in i ml of buffer containing 100 ~tl of human plasma and 0.03 ng of human iodinated insulin (human insulin Novo| specific activity 240 gCi/ ~xg, CEA Saclay n ~ 73045 A) for 5 days at + 4 ~ Free and bound insulin were then separated using talcum powder [20] . The concentration of plasma antibodies was estimated by counting the percentage of bound iodinated insulin as compared to the amount adsorbed by the talcum powder in the presence of 100 ~I of normal human plasma. A high plasma insulin and antibody titre was defined by 20% or more of the tracer being bound by plasma diluted to 1 : 50.
Comparisons were done using analysis of variance, the Pearson correlation coefficient, Student's t test and the chi-square test. The observed distributions of HbAlo concentrations appeared to be normal. All results are presented as mean • SEM.
Results
Clinical data for the 102 diabetic patients treated with insulin are given in Table 1 for each insulin regime. The mean age was 47 + 2 years with a duration of diabetes of 13.2 + 1.0 years. Severe socioeconomic or psychological handicaps were documented in 14 subjects below 60 years most of whom were in the group of patients receiving one daily insulin injection.
Analysis of variance showed that the higher the number of daily insulin injections, the younger the patients, the shorter the duration both of the disease and of the insulin therapy and the higher the daily insulin dosage. There were no differences in the frequency of out-patient visits (about 3 per year).
HbA~c concentrations and other biological variables are shown in Table 2 .
Of the patients 19% had HbA~c values below 3 SD above the mean of the non diabetic group. The higher the number of insulin injections the better the results (r = -0.26; p < 0.01). Only one of the 25 patients on one injection daily, had HbAI~ values below 3 SD as compared to 21 and 33% for the subjects on 2 or 3 injections per day respectively.
It should be emphasised however that the patients receiving multiple insulin injections differed in several ways from those on the single insulin regime (Tables 1 and 2 ). They were younger, had lower plasma insulin antibody titres, different social and psychological status and a shorter duration of the disease.
To improve the objectivity of the comparisons between groups we also studied HbA~c concentrations after eliminating the patients in the groups on once and twice daily injections who were older than the oldest patient in the thrice daily injection group and withdrawing the 14 patients with severe social or psychological handicaps.
The results showed lower HbAlc values in the twice daily injection group than in those on single injection, and lower plasma glucose levels in the thrice daily injection group than in either of the two other groups; the average age was also lower in the thrice daily injection group (Table 3) . The diabetics on multiple daily injections (2 + 3) had significantly lower HbAac concentrations than those on single injection (p < 0.05). Plasma glucose levels and age were not significantly lower.
The overall mean rfindom plasma glucose level was 186 mg/_+10mg/100 ml (10.8 _+ 0.5 mmol/1). Individual mean values were high, around 200 rag/ 100 ml (11.1 mmol/1) in patients receiving insulin once or twice a day. Patients on long acting insulin who were seen in the morning had lower glucose levels than those who came in the afternoon (140 + 29 versus 274 + 28 mg/100 ml; p < 0.005). This was not true for people on two daily injections (morning value of 185 _+ 23 versus 204 + 14 mg/100 ml in the afternoon). Plasma glucose levels were very low in patients who received short acting insulin in the morning and before lunch and did not differ between Random C-peptide immunoreactivity for all the patients after a meal gave a mean value of 0.47 + 0.04 pmol/ml. Very low concentrations were observed in the patients on short acting insulin with low plasma glucose levels. Differences in C-peptide values between patient groups were not significant.
Insulin antibodies were more often present in high concentration in patients on insulin once or twice a day than in those on three injections per day (p < 0.05).
No correlation was found between HbAlc concentrations and C-peptide levels nor between plasma glucose and C-peptide levels. Random plasma glucose concentrations were significantly related to HbAlc levels in the population studied (r --0.49; p < 0.001) and particularly in the three daily injection group (Fig. 1) . We did not find any relationship between age and HbAlc concentrations.
Discussion
If good control of blood glucose is worthwhile in the long term as suggested by some recent data in animals and man [21] , one should try to achieve exact control in patients with the longest life expectancy. The use of divided daily insulin injections has been advocated by several authors as a better tool than once-daily insulin regimes for this purpose [8] [9] [10] . In short term studies we have shown that such a technique resulted in lower post-prandial blood glucose levels [8] , lower 24 h urinary sugar excretion [10] and higher plasma insulin levels [11, 12] than with insulin given only once a day. The long term effect of such divided doses of daily insulin could not be analysed since we lacked definite criteria for the quantification of the degree of diabetic control [1] . With HbA~c measurements [2] [3] [4] [5] [6] [7] it is possible to analyse the quality of control over cumulative periods of two months in out-patients. Gonen, Rochman and Rubenstein [7] have recently screened 230 diabetic patients including 175 subjects taking insulin. Only 13% had HbA1 concentrations below 3 SD above the mean. These authors did not find any correlation between insulin antibody concentrations and HbA 1 levels [22] . They thought that better results were observed in patients on insulin twice a day than in those with one daily injection (A.R., personal communication).
In the study reported here, the mean quality of diabetic control was very poor since only 19% of HbAlc values were below 3 SD above our mean normal values. Even with a multiple insulin injection regime 66 to 79% of HbAlc values were above 3 SD.
Patients on divided daily insulin injections were better controlled than those receiving only one. Control was also better in patients on insulin twice a day than in those on one injection and best in those on a 3 injection regime. The results do not allow any definite conclusion on the effects of divided insulin regimes per se on diabetic control (as judged by HbAlo measurements) since the three groups differed significantly in age, duration of diabetes, duration and daily doses of insulin therapy, social, cultural, economic and psychological handicaps and also by having less plasma insulin antibodies. Such differences are probably due to the fact that all the physicians who treat diabetic patients in this clinic try to give them a twice daily insulin regime provided that life expectancy justifies such an attitude and there are no other handicaps. The youngest and most motivated subjects are probably most willing to follow such a regime. Conversely, the older and more handicapped subjects are kept on one long acting insulin injection with lesser goals for control. Beischer and associates [23] showed the highest C-peptide reserve and the best control in people on one daily injection. However, those with bad control were changed to twice a day insulin injections.
In our study it is unlikely that patients on a divided insulin regime received special attention from the staff. We so often use a twice or thrice daily insulin regime that this is unlikely to have attracted attention.
As far as plasma glucose results are concerned it should be emphasised that out patients in our clinic did not usually have blood samples taken during their regular visit. During this study they did, but were not aware of it beforehand. The three groups did not differ in the number of annual visits.
The mean plasma glucose value was normal, with many very low individual levels in most of the group of diabetics on 3 daily injections seen during the morning or the early afternoon, that is after they had injected short-acting insulin. This tight control was very probably secondary to the short acting insulin administration which is in agreement with our previous results, which have shown that regular (soluble) insulin induced higher peripheral plasma (exogenous) insulin levels than other insulins [11, 12] .
In these patients on insulin thrice a day, HbAlc levels were abnormal despite normal plasma glucose levels post-breakfast and lunch. These results may indicate that prolonged control after meals and particularly during the night is not good enough.
Random plasma C-peptide levels were measured systematically. We thought when drawing up the protocol that all groups would show abnormal high plasma glucose levels in the fed state. Since the patients on a thrice daily insulin regime had low plasma blood glucose values, endogenous insulin reserves cannot be excluded.
The patients on the 3 insulin injection regime had high titres of insulin antibody less frequently than other groups but since they were usually of low binding capacity [22] their contribution to control was probably minimal.
In patients on two intermediate insulin injections, plasma glucose levels were not lower in the morning than in the afternoon. Better control could have been obtained at least in the morning by adding or increasing the amount of short acting insulin added to biphasic or isophane insulin.
Finally patients on multiple daily insulin injections had significantly lower HbAlc concentrations than those on a single injection regime where even after correction for age and handicaps the HbAlc levels were grossly abnormal.
It is obviously difficult if not impossible to study the isolated effect of "number of insulin injection per day" independently of other variables, notably the motivation of the patients and the charisma of the physicians.
A pessimistic conclusion would be that since even young and highly motivated diabetics receiving insulin three times a day have abnormal mean HbA~c values, we will have to wait for the artificial pancreas. An optimistic one is, since the lowest mean HbA~c and plasma glucose values was observed in the 3 injection group, that perhaps this might be due, at least in part, to the use of short acting insulin taken before meals.
We would suggest therefore that in subjects with meal habits that do not include carbohydrates at noon it is probably reasonable to use intermediate acting insulin plus short acting insulin twice a day. In other subjects regular insulin before the three daily meals plus intermediate insulin for the night is probably justified in subjects with long life expectancy, reasonable social conditions and a normal psychological state.
